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Abstract: This paper presents the design and implementation
of a real-time “Follow Me” protocol for a quadcopter using
vision-based tracking and proportional control. The system
enables a drone to autonomously follow a moving human subject
using bounding box detections from an onboard Al-based object
detection camera stream. The design extracts the width of the
bounding box surrounding the target and uses it as a reference
for distance. A proportional control algorithm maps the deviation
of the observed width from a predefined ideal width into a
corresponding pitch velocity, which is then converted to PWM
signals to drive the drone. The control logic ensures that the drone
maintains an optimal distance from the subject by dynamically
adjusting its forward and backwards movement. Experimental
results demonstrate a linear and monotonic relationship between
the bounding box width and the drone’s pitch signal, validating
the accuracy and responsiveness of the tracking system. The
proposed system operates robustly in real-time and can be
integrated into lightweight UAV platforms without requiring GPS
or external localisation systems.

Index Terms: Quadcopter, Follow-Me Protocol, Visual
Tracking, Bounding Box Width, Proportional Control, PITCH
PWM, UAV Control, Real-Time Drone System

Abbreviations:
UAVs: Uncrewed Aerial Vehicles

I. INTRODUCTION

Uncrewed Aerial Vehicles (UAVs), particularly

quadcopters, have gained significant popularity in various
applications, including surveillance, delivery systems,
agriculture, and human interaction tasks. An emerging
capability in this domain is the” Follow-Me” protocol,
where a UAV autonomously tracks and follows a human
subject based on visual and positional cues. This
functionality finds application in autonomous filming,
rescue operations, surveillance, and personal assistance
systems. Traditional follow-me implementations often rely
on GPS trackers or external localization systems. However,
these solutions face limitations in indoor or GPS-denied
environments.
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environments. To address such challenges, recent research
has shifted toward vision-based tracking methods that
employ onboard cameras. These systems utilise object
detection and tracking techniques to identify and track
humans in real-time, thereby eliminating the need for
external positioning infrastructure.

Recent works have incorporated deep learning and
transformer-based models to enhance the robustness of
tracking. For example, Chen et al. [1] proposed a vision-
based autonomous target-following system for quadcopter
drones, demonstrating reliable performance in outdoor
environments.

Similarly, Barisic et al. [2] developed a real-time
detection and following system that operates effectively in
dynamic scenarios. Advanced tracking algorithms have
been further explored by researchers, with Pan et al. [3]
introducing Fast-Tracker 2.0, which improves autonomy
through active vision and human location regression
techniques.

The integration of sophisticated visual tracking
methodologies has led to enhanced performance metrics. Li
et al. [4] developed AutoTrack, a high-performance visual
tracking system that incorporates automatic spatio-temporal
regularisation for UAV applications. Additionally,
collective behaviour studies by Schilling et al. [5] have
demonstrated vision-based drone flocking capabilities in
outdoor environments, expanding the potential for multi-
UAYV coordination systems.

Several studies have focused on the practical
implementation aspects of autonomous human following
systems. Piquero et al. [6] presented a novel implementation
using local context analysis. At the same time, advanced
vision transformer approaches have been explored by Yao
et al. [7] through their SGDVIT framework for UAV
tracking applications. Wu et al. [8] contributed to real-time
aerial object localisation and tracking methodologies,
demonstrating the feasibility of vision-based sensing
systems.

Early implementations of vision-based tracking systems
have established foundational approaches for UAVs
following humans. Kim and Shim [9] developed a vision-
based target tracking control system for quadrotors using
tablet computer interfaces, demonstrating the integration of
mobile computing platforms with aerial vehicles. Adekola
et al. [10] further explored object tracking-based follow-me
UAV systems, providing a comprehensive analysis of
tracking algorithms for autonomous following applications.

Implementation studies have
validated  the  practical
feasibility of person
tracking in drone systems.
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Nordberg et al.

Conducted detailed implementation research on video-
based person tracking [l1], confirming real-world
deployment capabilities. Additionally, Naseer et al. [12]
introduced person-following and gesture-recognition
systems for quadcopters, expanding the interaction
modalities beyond simple following to include human-
gesture interpretation. Building on this direction, this work
presents a vision-based follow-me protocol that enables a
quadcopter to follow.

A human subject in real time using only onboard video
feeds. The system detects the target using a bounding box
generated by a person detection model and uses the width
of this box as a proxy for the distance between the drone
and the subject. A proportional control strategy is applied to
compute the pitch velocity, which is then mapped to a
PWM signal for drone actuation. This ensures that the drone
dynamically adjusts its forward or backwards motion to
maintain a fixed separation from the subject.

Experimental validation demonstrates a consistent and
approximately linear relationship between the bounding box
width and the pitch signal sent to the UAV, confirming the
reliability and responsiveness of the proposed control
system. The method is lightweight, operates on embedded
platforms, and is designed to function without any external
localization aids, making it ideal for deployment in
constrained and GPS-denied environments.

II. METHODOLOGY

In this section, the process, along with the necessary steps
and equations, has been discussed to obtain the desired
results. The system design follows a modular pipeline,
beginning with image acquisition and concluding with
control signal generation. Each module is designed to
process input data sequentially, enabling real-time decision-
making. Detailed explanations of the flow diagram,
component responsibilities, and interconnections are
provided to ensure clarity and reproducibility of the
proposed Follow Me Protocol.
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[Fig.1: Flowchart of Follow Me Protocol]

The proposed Follow Me Protocol is designed to enable
the autonomous tracking of a human subject by a UAV
(Unmanned Aerial Vehicle) using onboard vision systems
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and control algorithms. The flow of information and control
signals in the system is represented in Figure 1 and
elaborated as follows:

A. Camera Input

The system begins with continuous video input from a
camera mounted on the UAV. This stream serves as the
primary sensing modality, capturing the environment in
real-time for further processing.

B. Object Detection System
The captured video frames are processed by a deep
learning-based Object Detection System, which performs:

i Object Type Identification: Determines if the
object of interest (e.g., a person) is present.

i. Coordinate Extraction: Provides bounding box
coordinates (x, y, width, height) of the detected
object.

iii. Confidence Score: Outputs a probability score

indicating the reliability of detection.

C. JSON Output

The detection results are serialised into a JSON format
that contains metadata, including object class, bounding
box dimensions, and confidence score. This allows for
lightweight, structured communication and logging.

D. Aspect Ratio Analysis

To estimate the distance between the UAV and the
tracked person, the Aspect Ratio Analysis module evaluates
the bounding box dimensions. Changes in the bounding
box size are used to infer how far or close the subject is
moving from the UAV (depth estimation).

E. PID Controller

The error between the desired and actual dis- tance
(and position) is passed into a PID (Propor- tional-Integral—
Derivative) Controller, which computes corrective action.
This ensures smooth and stable following behaviour by
minimising overshoot and oscillations.

F. PWM Control Signals

Based on the PID output, PWM (Pulse Width Modulation)
signals are generated to adjust drone flight parameters:

i Pitch (forward/backwards tilt)
ii. Yaw (rotation to left/right)
il Throttle (altitude control)
These signals provide fine-grained control of the drone’s
movement.

G. Drone Motion Control

This module receives the PWM signals and interfaces
directly with the UAV’s motors to adjust its motion. It also
ensures flight stability and obstacle avoidance (if
applicable).

H. Feedback Loop

There is a continuous feedback loop:

1. The updated position from Drone Motion Control
is fed back into the
Object Detection
System to reacquire
the target.

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


https://doi.org/10.35940/ijitee.G1107.14080725
https://doi.org/10.35940/ijitee.G1107.14080725
http://www.ijitee.org/

OPENaACCESS

ii. The JSON Output can optionally provide external
interfaces for diagnostics or remote monitoring.
The protocol also uses a few equations to calculate the
appropriate PWM to maintain a distance between the”
person” and the Quadcopter:

II1. RESULTS AND ANALYSIS

The results obtained using the proposed control
equations.
best
= max (targets, key
= lambda d: d. get("box”, [0,0,0,0D[2]) @)
x,y,h,w = best.get("box”,[0,0,0,0]) (2)

w
Go=xt3 . ()

Demonstrate a high degree of consistency and accuracy in
tracking performance. Notably, the relationship between the
PITCH PWM signal and the width and height of the
detected bounding box exhibits an approximately linear
trend, as expected from the proportional control logic.
This consistency

From equations (1), (2), (3), the width is extracted
from the JSON Output over height due to better Field of
View reliability, and then its centre is calculated.

_ IMGw
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Validates the effectiveness of the visual feedback—based
navi- gation strategy implemented in the system.
Next, using equations (4) and (5), the error distances
based on the reference Bounding Box Width are measured.
v, = —K;’ w. (6)
D)
Finally, the lateral and forward velocity components, vy,
and
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[Fig.2: Real-Time Person Detection Output with
Bounding Box Parameters]

Vx are computed using equations (6) and (7),
respectively. The forward velocity, v, is linearly
dependent on the deviation of the bounding box
width from a desired setpoint. Specifically, it is
proportional to the term (DESBOXW-w), where
w is the detected bounding box width. Although
the controller internally computes forward
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velocity as vy o« (DESBOXW-w), this value is
negated before being converted to a PWM
command (Equations (8) and (9) ). Hence, the
actual PITCH PWM signal becomes directly
proportional to the bounding box width w,
ensuring that the Quadcopter moves backwards as
the person gets closer (i.e., when w increases) and
forward when the person is farther (i.e., when w
decreases).
velocity_to_pwm (max (—1.0, min (1.0, vy))) .. (8)
velocity_to_pwm (max (—1.0, min (1.0, —vx))) ... (9)
Equations (8) and (9) also serve to normalize and scale
the computed velocity values into PWM-compatible
signals. = The  clamping  operation  within  the
velocity to pwm function ensures that extreme or noisy
velocity inputs do not exceed the expected control bounds.
As a result, the generated PWM signals remain within a
safe and linear operating range of 1000 to 2000
microseconds, centred at 1500. This translation from visual
feedback to motor command allows for smooth and
bounded control, enabling the Quadcopter to respond
proportionally and reliably to real-time changes in the
subject’s position and distance.

[PWM] Sent: AXIS Y:1500 AXIS X:1577 PITCH:2000 YAW:1577
[Tracking] Following 1 targets

[PwM] Sent: AXIS Y:1500 AXIS X:1577 PITCH:1936 YAW:1577
[Tracking] Following 1 targets

[PWM] Sent: AXIS Y:1500 AXIS_X:1583 PITCH:1854 YAW:1583
[Tracking] Following 1 targets

[PWM] Sent: AXIS Y:1560 AXIS X:1576 PITCH:1720 YAW:1576
[Tracking] Following 1 targets I

[PWM] Sent: AXIS Y:1500 AXIS_X:1582 PITCH:1698 YAW:1582
[Tracking] Following 1 targets

[PWM] Sent: AXIS Y:1560 AXIS X:1579 PITCH:1666 YAW:1579
[Tracking] Following 1 targets

[PWM] Sent: AXIS Y:1500 AXIS X:1582 PITCH:1646 YAW:1582
[Tracking] Following 1 targets

[PWM] Sent: AXIS_Y:15600 AXIS_X:1582 PITCH:1626 YAW:1582
[Tracking] Following 1 targets

[PWM] Sent: AXIS Y:1560 AXIS X:1582 PITCH:1606 YAW:1582
[Tracking] Following 1 targets

[PWM] Sent: AXIS Y:1500 AXIS_X:1585 PITCH:1580 YAW:1585

[Fig.3: Real-Time PWM Outputs for Detected Targets]

Figures 2 and 3 illustrate the real-time JSON detection
outputs and their corresponding PITCH PWM control
signals during a live quadcopter flight. These outputs reflect
how the system dynamically adapts motor commands in
response to the subject’s relative position and distance.

Plot of Pitch vs Height of Bounding Box

¥ Auds (Pitch)
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[Fig.4: Plot of PITCH PWM vs. Height of Bounding Box]
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[Fig.5: Plot of PITCH PWM vs. Width of Bounding Box]

Figures 4 and 5 present the observed variation in PITCH
PWM values concerning the height and width of the
bounding box, respectively. Both plots show a strong linear
correlation, confirming that the quadcopter adjusts its
forward or backwards motion proportionally based on the
perceived size of the subject. This behavior is consistent
with the control equations discussed earlier and highlights
the reliability of the follow-me protocol in translating
visual cues into effective actuation commands. The linearity
in both dimensions further supports the robustness of the
implemented vision-based distance estimation and control
methodology.

IV.CHALLENGES AND LIMITATIONS

While the proposed Follow-Me protocol demonstrates
effective real-time person tracking and drone control using
visual feedback, several challenges and limitations were
identified during development and testing.

A key limitation arises from the system’s reliance on the
bounding box width as the primary proxy for estimating the
distance between the drone and the subject. This approach,
though effective in most scenarios, can be influenced by
changes in body orientation, occlusion, or non-frontal
poses, which may distort the apparent width and lead to
inaccurate results.

Distance estimation. Although the plot of PITCH versus
binding box height also exhibited a consistent trend, it was
not used in the control loop due to practical stability and
simplicity considerations.

Lighting variability was another significant challenge.
Detection performance deteriorated in low-light or high-
glare conditions, occasionally causing the UAV to issue
neutral or delayed commands. Integrating infrared sensing
or adaptive exposure control could enhance robustness
under varying illumination conditions.

The system currently tracks the largest detected bounding
box, assuming it corresponds to the intended target. This
assumption may not hold in crowded or multi-subject
environments, potentially causing tracking ambiguity.
Incorporating identity tracking or gesture-based target
selection could mitigate such issues.

From a control standpoint, the use of a proportional-only
control strategy, while computationally efficient, does not
compensate for UAV inertia or dynamic overshoot. This
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can result in sluggish or oscillatory responses during rapid
target motion. Implementing a full PID or adaptive
controller may improve stability and precision.

Lastly, the current system has been validated in controlled
indoor settings. Outdoor environments present additional
challenges such as wind, variable lighting, and GPS drift,
all of which require further adaptation and testing for robust
field deployment.

V. CONCLUSION AND FUTURE WORK

In this work, a vision-based Follow-Me protocol for
quadcopters is proposed and implemented, utilising real-
time person detection and bounding box analysis. The
system utilizes the width of the detected bounding box as a
proxy for the subject’s distance and computes
corresponding control signals using a proportional control
strategy. The resulting PWM values are mapped accurately
to drone actuation commands, allowing the UAV to
maintain an appropriate distance from the target.

Experimental results, including real-time output logs and
plotted response graphs, demonstrate a strong linear
correlation between the PITCH PWM signal and the
bounding box dimensions, validating the robustness and
effectiveness of the approach. The simplicity of the control
logic, combined with the system’s ability to operate without
external localisation systems, makes it suitable for
lightweight embedded deployment.

For future work, several enhancements are envisioned.
Integrating a PID or adaptive control scheme could provide
smoother and more stable flight behaviour, especially in
dynamic environments. Incorporating additional cues such
as optical flow, depth estimation, or re-identification
mechanisms could improve tracking performance in
cluttered scenes or multi-subject scenarios. Moreover,
extending the system to operate reliably under varying
outdoor conditions, including variable lighting and wind
disturbances, is an essential step toward achieving
deployment-ready autonomy.
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